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the multiple obtained plane images so they correspond, and 
synthesizes the resultant plane images to form a single 
image. 
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IMAGE READER 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an image reader that is 

appropriate for a TV telephone or a TV conference system, 
and relates in particular to an image reader that can be 
compactly and lightly constructed, and that can accurately 
and quickly read the image of even a distorted object. 

2. Description of the Related Art 
An example, conventional image reader is disclosed in 

JP-A-11-136564. 
This image reader comprises: an image pickup unit, for 

obtaining, using an image forming optical system having a 
variable magni?cation rate, an image of an object document 
at a predetermined magni?cation rate; a distance sensor, for 
measuring distances to three targeted points on the object 
document; and an image synthesiZer, for employing, When 
the image pickup unit sequentially acquires the images of 
adjacent targeted portions at the same magni?cation rate, the 
distance values obtained by the distance sensor to transform 
multiple, thus obtained images into those equivalent to 
images vieWed from the front, and for synthesiZing the 
transformed images to prepare a single image of the entire 
document. According to this image reader, the document can 
be read very accurately, even When the document is posi 
tioned so that it is tilted. Further, since a glass platen that is 
equal to or larger than a document is not required, the siZe 
of the image reader can be reduced. 

HoWever, since a premise of the employment of a con 
ventional image reader is that a document have a ?at face, 
such an image reader can not satisfactorily read a document 
that is bent, and distorted document information is obtained. 
When, for eXample, a page of an opened book is to be read, 
the images, such as character images, at the bound portion, 
Where the page is bent, can not be read accurately. 
When a document that is tilted is to be read, the distance 

to the image pickup unit varies, depending on the portion of 
the document that is to be read. Thus, the siZes of the 
individual images differ, and the synthesiZed image is dis 
torted. In this case, the magni?cation rate can be changed by 
referring to the characteristics of adjacent images for the 
performance of the synthesiZation process. HoWever, 
according to this method, the magni?cation rate must be 
changed repeatedly, and an eXtended time is required for the 
synthesiZation process. 

SUMMARY OF THE INVENTION 

It is, therefore, one objective of the present invention to 
provide an image reader that can accurately and quickly read 
an object, even one that is distorted. 

It is another objective of the present invention to provide 
an image reader that can be compactly and lightly con 
structed. 

To achieve the above objectives, according to the present 
invention, an image reader comprises: 

image pickup means, for obtaining multiple targeted 
adjacent portions at the same optical magni?cation rate, 
and for obtaining multiple images; 

measurement means, for measuring multiple distances to 
multiple respective points that are selected on the 
targeted portions; and 

processing means, for employing the multiple distances to 
perform perspective transformations of the multiple 
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2 
images to acquire multiple plane images, and for alter 
ing the siZes of the multiple plane images so that all 
siZes correspond. 

With this con?guration, the perspective transformation is 
performed for the images obtained for the plane images, so 
that even a distorted object can be accurately read. Further, 
since a plurality of plane images are altered to provide 
corresponding siZes, the image synthesiZation process can 
be performed quickly. 

Further, to achieve the above objectives, an image reader 
comprises: 

image pickup means, for acquiring an image of an object; 
measurement means, for measuring multiple distances to 

multiple respective points that are selected on the 
object; and 

processing means, for employing the multiple distances to 
perform perspective transformations for the image to 
obtain a plane image. 

With this arrangement, multiple images can be acquired 
using a hand-held image reader, distances to multiple target 
portions can be measured, and a small and light apparatus 
can be manufactured. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A is a diagram shoWing an image reading system to 
Which an image reader according to a ?rst embodiment of 
the present invention is applied. 

FIG. 1B is a block diagram illustrating the control system 
of the image reader according to the ?rst embodiment. 

FIG. 2 is a diagram shoWing perspective transformation 
and magni?cation rate calculations performed by the syn 
thesiZation controller in the image reader according to the 
?rst embodiment. 

FIG. 3 is a diagram shoWing the synthesiZation processing 
performed by the synthesiZation controller of the image 
reader according to the ?rst embodiment. 

FIG. 4 is a ?oWchart shoWing the processing performed 
by the image reader according to the ?rst embodiment. 

FIG. 5 is a block diagram shoWing the control system of 
an image reader according to a second embodiment of the 
present invention. 

FIG. 6 is a block diagram shoWing the control system of 
an image reader according to a third embodiment of the 
present invention. 

FIG. 7A is a diagram shoWing an image reading system to 
Which an image reader according to a fourth embodiment of 
the present invention is applied. 

FIG. 7B is a block diagram illustrating the control system 
of the image reader according to the fourth embodiment. 

FIG. 8 is a diagram shoWing perspective transformation 
and magni?cation rate calculations performed by the syn 
thesiZation controller in the image reader according to the 
fourth embodiment. 

FIG. 9 is a diagram shoWing the synthesiZation processing 
performed by the synthesiZation controller of the image 
reader according to the fourth embodiment. 

FIG. 10A is a diagram shoWing a complete image for the 
synthesiZation process performed by the synthesiZation con 
troller of an image reader according to a fourth embodiment. 

FIG. 10B is a diagram shoWing the processing performed 
to eXtract a feature for the synthesiZation process. 

FIG. 11A is a diagram shoWing a teXt area for the 
synthesiZation process. 

FIG. 11B is a diagram shoWing another teXt. 
FIG. 11C is a diagram shoWing the synthesiZation of 

image segments. 
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FIG. 12A is a diagram showing the superimposition 
process performed by the synthesiZation controller of the 
image reader according to the fourth embodiment. 

FIG. 12B is an enlarged diagram shoWing the synthesiZed 
portion. 

FIG. 13 is a ?oWchart shoWing the processing performed 
by the image reader according to the fourth embodiment. 

FIG. 14 is a block diagram shoWing the control system of 
an image reader according to a ?fth embodiment of the 
present invention. 

FIG. 15 is a block diagram shoWing the control system of 
an image reader according to a siXth embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE PRESENT 
INVENTION 

First Embodiment 

FIG. 1A is a diagram shoWing an image reading system 
that employs an image reader according to a ?rst embodi 
ment of the present invention. The image reading system 
comprises: an image reader 1, for reading a document 2, an 
object; and a computer 4, Which is connected to the image 
reader 1 by an interface 3, such as an image signal line 3A 
and an RS232C cable 3B. The image reader 1 includes a 
main body 1A in Which a digital CCD camera, Which Will be 
described later, is mounted, and a scanning unit 12, for 
pivoting the main body 1A along an aXis 12a and at a shaft 
12b in a direction 0t or [3, as is indicated by an arroW. 

The computer 4 includes a computer main body 40 in 
Which a CPU and a memory are mounted; a display unit 41, 
such as a CRT; and an input unit 42, such as a keyboard or 
a mouse. The computer 4 processes an image that is read, or 
controls the Zooming and the focusing of the digital CCD 
camera and the positioning that is required to read an image. 
The computer main body 40 also includes a drive 40a for 
reading data from a memory card, such as a ?oppy disk, that 
has been loaded. 

FIG. 1B is a diagram shoWing the control system of the 
image reader 1. The main body 1A of the image reader 1 
comprises: a digital CCD camera, having a Zooming func 
tion and a focusing function; a distance measurement unit 
11, for obtaining tWo-dimensional distance information (dis 
tances to n><m measurement points) for the targeted portions 
of a document 2 that is acquired by the CCD camera 10; a 
scanner 13, for changing the vieWing directions of the CCD 
camera 10 and the distance measurement unit 11; a control 
ler 13, for controlling the CCD camera 10, the distance 
measurement unit 11 and the scanner 12; a signal processor 
14, for performing signal processing, such as ampli?cation 
or correction, for a pickup signal received from the CCD 
camera 10; an image memory 15, for storing images; and a 
synthesis controller 16 for synthesiZing multiple images 
stored in the image memory 15. 

The distance measurement unit 11 employs the pattern 
projection method or the phase distribution measurement 
method to obtain tWo-dimensional information for the dis 
tance to the document 2. According to an eXample pattern 
projection method, Whereby a laser beam is employed to 
generate, based on pattern code, a light pattern that consists 
of multiple regions the intensity of Which is modulated to 
obtain triple level or higher data, the light pattern produces 
an image of the document 2 and the light re?ected from the 
document 2 is acquired to prepare an image pattern, Where 
after, the pattern code and the pattern image are employed to 
obtain information for measuring the distance to the docu 
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4 
ment 2. Using this method, since the laser beam used as a 
light source has a linearity that little affects the depth of 
focus, the edges betWeen the regions are not blurred, and for 
the depth, the measurable range is expanded. Further, since 
an image of the document 2 is projected by the pattern light 
at the modulated intensity, tWo-dimensional information for 
measuring the distance to the document 2 can be obtained 
using a single image pickup. In addition, there is an eXample 
phase distribution measurement method Whereby light, 
Whose intensity is modulated at a predetermined frequency, 
is emitted and strikes the document 2, and Whereby a 
composite light, consisting of light re?ected by the docu 
ment 2 and the above emitted light, is received by a plane 
sensor that is constituted by multiple, tWo-dimensionally 
arranged piXels, and information for the distance to the 
document 2 is obtained based on the detection signal. 
According to this method, the tWo-dimensional information 
for the distance to the document 2 can be obtained by a 
single one measurement. 
The synthesiZation controller 16 performs perspective 

transformation, calculation of a magni?cation rate, the alter 
ation of image siZe and image synthesiZation based on an 
image signal fetched into the image memory 15 and the 
information obtained by the distance measurement unit 11 
for the distance betWeen the document and the CCD camera 
10. 

FIG. 2 is a diagram for the perspective transformation and 
calculation of a magni?cation rate that are performed by the 
synthesiZation controller 16. In FIG. 2, black dots represent 
the points used for the measurement of distances. The 
synthesiZation controller 16 employs the distance informa 
tion (L1, L2, I3 and L4) to estimate similar curves, and to 
identify the shape of an object. Then, the synthesiZation 
controller 16 performs a perspective transformation so that 
an image 21 stands, upright relative to a pickup device 10a 
of the CCD camera 10, and constitutes a plane. In FIG. 2, the 
distances L1, L2, L3 and L4 from the pickup device 10 to the 
individual points of the image 21 are transformed into 
distances L‘l, L‘2, L‘3 and L‘4, and the image obtained by the 
perspective transformation is called a “plane image” 22. 
Furthermore, the synthesiZation controller 16 calculates 
multiple distances on the plane image 22, e.g., distances 
betWeen points A‘ and B‘ and betWeen points A‘ and C‘, and 
performs a “magni?cation rate calculation” to obtain a 
magni?cation rate relative to a predetermined reference siZe. 

FIG. 3 is a diagram shoWing an image synthesiZation 
process performed by the synthesiZation controller 16. 
Assuming that multiple images are obtained so that adjacent 
images 23 include overlapping siZe AX and Ay areas 24, the 
synthesiZation controller 16 aligns the siZes of the plane 
images 22. Then, the synthesiZation controller 16 determines 
the locations Whereat the density patterns of the overlapping 
areas 24 of the plane images 22 to be synthesiZed are the 
most similar to the density patterns of the adjacent images 23 
that are already stored in the image memory 15. The images 
23, excluding the overlapping areas 24, are then ?tted into 
the locations. Through this “synthesiZation process”, one 
complete image is ?nally completed. 

FIG. 4 is a ?oWchart shoWing the processing performed 
by the image reading system. First, a user manipulates an 
input unit 42 of the computer 4 to enter information required 
for the reading of the document 2, such as the range for 
reading the document 2 and a desired resolution. The CPU 
of the computer 4 employs the information entered by the 
input unit 42 to determine the number of images to be 
acquired, and transmits via the RS232C cable 3B a control 
signal for the CCD camera 10 and the scanner 12 to the 










